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Effects of Biomaterial Chemical Heterogeneity on Fibrinogen Activity-
Platelet Adhesion Relationships
Christopher A. Siedlecki, Bryan M. Scheetz, Li-Chong Xu.
Pennsylvania State University, Hershey, PA, USA.
Fibrinogen adsorbed on material surfaces undergoes conformational changes that
expose the platelet binding epitope located in the gamma-chain dodecapeptide.
Circulating blood platelets bind to this exposed region, leading to platelet adhesion
and activation, eventually forming a surface-induced thrombus. We have devel-
oped an AFM technique utilizing an antibody-modified probe that allows us to
calculate the probability of this epitope being available following fibrinogen ad-
sorption to solid surfaces, and have shown that the time-dependent changes in
this probability of antibody binding correlate with temporal changes in platelet ad-
hesion to materials. Recently, we have begun to explore howwell this probability
of adhesion correlates to platelet adhesion across a variety of different polymeric
biomaterials. Results demonstrate that there is a strong relationship between this
probability and measured platelet adhesion for 3 different homopolymer materials
(figure 1), but two different phase-separated
polyurethane (PU) materials possessing
heterogeneous surface chemistries appear
to deviate from this probability/adhesion re-
lationship. These results suggest that the
~50 to 100 nm sized phases in PU materials
may affect the ability of platelets to bind to
fibrinogen in a manner that leads to the im-
proved blood compatibility seen with PU
materials.3628-Pos Board B489
High Throughput Screening Methodology to Probe Cell Deformability
Dongping Qi, Amy Rowat.
Department of Integrative Biology and Physiology, University of California,
Los Angeles, Los Angeles, CA, USA.
Cell and nucleus mechanical properties are implicated in a wide range of bio-
logical contexts: for example, the multi-lobed nucleus of neutrophil cells cor-
relates with increased cell deformability; cancer cells show decreased stiffness
compared to benign cells. The mechanical properties of cells and nuclei could
thus be valuable label-free markers for a cell’s physiological state. Most con-
ventional techniques used to study cell mechanics are labor-intensive and lim-
ited in throughput - typically < 10-20 cell types can be probed within
a reasonable timeframe. Here we introduce a novel high throughput method
to probe cell deformability. The device uses filtration to simultaneously probe
several hundreds of different cell types; the entire assay is complete within ~30
min. The key component of the technique is a porous membrane interfacing
with a 96- or 384-well plate; cells are placed on top of this membrane; an ap-
plied pressure generates physical forces on them, causing the cells to pass
through the membrane pores and into the collection well; the number of pas-
saged cells is counted and provides a measure of cell mechanical properties.
We characterize the number of passaged cells as a function of initial loading
density, pressure amplitude and duration, membrane pore size, and cell deform-
ability; in parallel we develop a theoretical description of cell passage building
on theories describing bulk filtration. In proof of concept experiments, we apply
the method to probe differentiated versus non-differentiated human promyelo-
cytic leukemia (HL60) cells: a larger number of differentiated, neutrophil-type
cells passaged compared to the non-differentiated cells; these results are con-
sistent with previous literature. We also show differences in cell deformability
due to cytoskeletal perturbing drugs. These results validate the feasibility of
this technique for high throughput screening of cells based on their deformabil-
ity, for example, against a library of drugs.
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Frustrated Differentiation of Mesenchymal Stem Cell Cultured on
Microelastically-Patterned Photocurable Gelatinous Gels
Satoru Kidoaki, Shuhei Jinnouchi.
IMCE, Kyushu University, Fukuoka, Japan.
Cells sense surface rigidity of culture substrate, interpret the mechanical
condition as mechano-signals, and modulate their functions and behaviors in-
cluding proliferation, differentiation, motility, etc. In relation to this, matrix-
elasticity-dependent lineage specification of mesenchymal stem cells (MSCs)
has recently drawn growing attention in the stem cell mechanobilogy. Discher’s
group has reported that MSCs exhibit differentiation to different lineage after
one week culture on hydrogel surface with a certain level of elasticity. Onthe other hands, if we could prepare the culture substrate in which both high
and low elasticity region coexist, and could induce the alternate movement
of MSCs between those regions in a certain culture period, how should the lin-
eage specification occur? In general, since the adherent cells show directional
movement toward harder region, so-called mechanotaxis, MSCs should accu-
mulate in hard region with enough large area. However, if the area of hard re-
gion is set to be smaller than single cell spread area, MSCs will fail to
completely spread in the hard region and return to soft region. The returned
MSC will try to re-enter to hard region according to the mechanotaxis charac-
ter, so MSC will keep on moving between hard and soft regions on such kind of
microelastically-patterned gel surface. In this study, we aimed to confirm what
effect on lineage specification should appear for the MSCs which experienced
the alternative movement between hard and soft region on the microelasticity
patterned gels. To design such microelasticity-patterned gels, we have applied
the photolithographic microelasticity patterning using photoculable gelatins.
To the MSCs cultured with the above-mentioned process, immunofluorescence
observation of selection markers and differentiation markers showed significant
tendency of simultaneous suppression of differentiation for neurogenic, myo-
genic, and osteogenic lineage. The functional mode of ‘‘frustrated differentia-
tion’’ of MSCs is discussed.
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Cell Aspect Ratio Alters Stem Cell Traction Stresses and Lineage
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Adult mesenchymal stem cells (MSCs) ‘‘feel’’ the stiffness of their environ-
ment and differentiate in response to it; thus aberrant stiffness resulting from
fibrosis in muscle dystrophies could misdirect MSCs into the wrong lineage.
Conversely, MSCs have been shown to respond in a myosin-dependent manner
to adipogenic and osteogenic media when cell spread area changes from 103 to
104 mm2 or when cultured in specific shapes, e.g. circles versus rectangles, and
polygons, respectively. When both cues are present in a disparate fashion, e.g.
highly elongated cells similar to muscle despite the presence of an abnormally
stiff microenvironment, we hypothesized that a myosin contraction-dependent
balance could induce a subset of MSCs to differentiate in to a muscle-like phe-
notype despite residing in a dystrophic-like stiffness. To regulate MSC mor-
phology, we patterned fibronectin in shapes of varying aspect ratios but
common area on polyacrylamide substrates of known stiffness. MSCs spread
to the patterns and localized their focal adhesion in a stiffness and shape-
dependent manner. Using traction force microscopy, we found that strain en-
ergy from cell-generated forces scaled with stiffness, but decreased as a func-
tion of cell elongation with isotropic cell patterns producing the highest
contractile energy in contrast to our hypothesis. Muscle-specific myosin heavy
chain (mMHC), an indicator of early muscle differentiation, also was expressed
in a stiffness and elongation dependent manner. On muscle-like stiffness of 11
kiloPascals (kPa), cells with only minimal elongation, i.e. 1:1 and 3:1 patterns,
expressed mMHC most strongly. In contrast on osteogenic-like matrices of 34
kPa, highest MHC expression corresponded to the most elongated patterns.
These shape- and stiffness-dependent lineage changes with muscle markers
correlated to contractility-based observations suggest that muscle induction
may be possible in non-permissive stiffer environments and could prove bene-
ficial to treat fibrotic muscle diseases.
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Engineered Microenvironments to Study Mechanisms of Tissue Tropism
in Metastasis
Erinn Dandley1, Nathan Colon1, Shireen Rudina2, Shannon Alford2,
Shelly Peyton1.
1University of Massachusetts, Amherst, Amherst, MA, USA,
2Massachusetts Institute of Technology, Cambridge, MA, USA.
Breast cancer is the second leading cause of cancer death. With 90% of
breast cancer deaths associated with metastasis of the original cancer to other
organs, metastasis is a vital area of research. Breast cancer preferentially me-
tastasizes to a subset of organs, including the brain, bone, and lung. Different
clinical subtypes of breast cancer have different metastatic profiles to these
very diverse organs; however, there is no biophysical explanation for meta-
static site preference. Through the use of engineered metastatic microenvi-
ronments (EMMs), we are investigating how the physiochemical properties
of these tissues influence metastatic site preference. Our EMMs consist of
cover slips, which present the characteristic adhesive matrix proteins of brain,
bone, and lung. Utilizing these EMMs, we have observed that the EMM pro-
tein specificity regulates cell area, shape, adhesion, migration speed, and
Wednesday, February 29, 2012 717apersistence in MDA-MB-231 and BT-549 cell lines. Both cell lines have the
same metastatic profile (39% frequency of bone metastasis and 25% fre-
quency of brain metastasis), and show similar results on EMM mimicking
bone and brain tissue. As expected from in vivo clinical data, MDA-MB-
231 cells are larger, less spherical, adhere faster, migrate faster, and persist
in one direction longer on bone mimics than on brain mimics. BT-549 cells
show similar patterns, but differ in cell area and persistence. However, these
differences are not significant, and the former may be due to a specific bleb-
bing form of migration observed. We are currently engineering a lung EMM,
and examining the role of tissue stiffness via PEG-PC hydrogels in dictating
tissue tropism in metastasis.
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Microfluidic Device for Controlled Fluid Switching to be used with
Chemically Powered Molecular Motors on Surface Bound Tracks
Cassandra Niman1, Jason P. Beech1, Nancy R. Forde2, Paul Curmi3,
Dek Woolfson4, Jonas O. Tegenfeldt1,5, Heiner Linke1.
1The Nanometer Structure Consortium (nmC@LU), Lund University, Lund,
Sweden, 2Department of Physics, Simon Fraser University, Burnaby,
BC, Canada, 3School of Physics, University of New South Wales, Sydney,
Australia, 4School of Chemistry, University of Bristol, Bristol,
United Kingdom, 5University of Gothenburg, Gothenburg, Sweden.
For many studies it is desirable to controllably and in real time change the
chemical environment surrounding a biological sample, while continuously mi-
croscopically observing reactions that occur. Here we have developed such
a technique to satisfy a particular set of restrictions related to real-time studies
of processive molecular motor motion on surface-immobilized tracks. Specif-
ically, this synthetic protein motor design requires switching of three or
more solutions in any desired order, in order to be able to control the direction
of motor motion. We have designed, theoretically modeled and experimentally
tested this microfluidic device, which utilizes an on-chip switching method to
avoid issues of solution contamination due to backflow commonly associated
with the use of valves. The dynamics of the fluid near the surface of the channel
has been studied theoretically using finite element modeling. The switching of
fluid containing fluorescent molecules has been imaged in bulk with epi-
fluorescent microscopy as well as at the surface of the channel using TIRF mi-
croscopy. The lower limit of the fluid speed that permits the fluid switching
near the surface has been tested as well as the upper limit of the frequency
of switching, which is diffusion limited. Besides our desired application to ar-
tificial molecular motors, the type of device developed here can be used for any
experiment that requires controlled changes in the chemical environment of
surface-adhered samples.
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Inexpensive Raft Arrays for Cell Patterning and Cloning
Christopher Sims1, Yuli Wang1, Phil Gach1, Pavak Shah1,
Nancy Allbritton1,2.
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University, Raleigh, NC, USA.
An easy to use, inexpensive, efficient system has been developed for the com-
bined purpose of patterned cell culture and cell separations. The system con-
sists of a specialized flexible array of micron-scale array elements created by
a unique soft lithography process compatible with a host of biocompatible poly-
mers, including polystyrene. Low autofluorescence, standardized tissue culture
surfaces can be created and tailored to the cell type of interest. The concave ar-
ray elements, termed rafts, are fabricated within poly(dimethylsiloxane)
(PDMS) microwells and are individually releasable using a needle inserted
through the PDMS substrate with a micromanipulator. The array enables effi-
cient cell analysis and isolation even with small populations containing as few
as 1,000 cells. Cells plated on the arrays are localized to individual rafts
throughout the culture period by virtue of the PDMS microwells. While the
cells are prevented from migrating and intermixing, they share a common flu-
idic microenvironment in contrast to standard multiwell plates. Standard micro-
scopic imaging is used to identify and track cells or colonies over time to allow
selection based on temporal or other characteristics. Those of interest are re-
leased by inserting the needle through the compliant PDMS substrate to dis-
lodge the raft on which the cell(s) of interest lies. The hardened polymer
material forming the raft protects the cells growing on its upper surface from
harm by the needle. Selective release of the individual elements along with
the resident cells has been enhanced with the use of polymers doped with fer-
romagnetic nanoparticles to achieve high collection efficiencies of viable cells
under the influence of a magnetic field. In the current state of development, col-
lection efficiency and single-cell cloning rates as high as 95% have been
achieved. Among other attributes, the array enables rapid cloning to produce
cell lines with desired characteristics.3634-Pos Board B495
Formation and Characterization of Ultrathin Films Containing Amyloido-
genic Proteins
Claus Czeslik, Juny Koo.
Technische Universitaet Dortmund, Dortmund, Germany.
Ultrathin films are useful for coating materials and controlling drug delivery
processes. Here, we explore the use of two-dimensional amyloidal networks
as biodegradable ultrathin films. In a first step, we have studied the lateral
aggregation and fibril formation of insulin that is adsorbed at and confinedwithin
planar polyelectrolyte multilayers containing poly(diallyldimethylammonium
chloride) (PDDA), poly(styrenesulfonic acid) (PSS), and hyaluronic acid
(Hyal). Si-PDDA-PSS-(Ins-PSS)x and Si-PDDA-PSS-(Ins-Hyal)x multilayers
have been prepared and characterized in the hydrated state by usingX-ray reflec-
tometry, ATR-FTIR spectroscopy and confocal fluorescence microscopy. The
obtained data demonstrate a successful build-up of insulin-polyelectrolyte mul-
tilayers on siliconwafers that grow strongly in thickness upon insulin adsorption
on PSS andHyal layers. The secondary structure analysis of insulin, based on the
insulin infrared amide I’ band, indicates intermolecularb-sheet formationwithin
themultilayers at 70 Cand pH=2, i.e. at conditions that promote amyloid fibrils
rich in b-sheet contents. However, insulin that is incorporated in polyelectrolyte
multilayers rather forms amorphous aggregates as can be inferred from confocal
fluorescence images. Only when insulin is the top-layer, formation of a fibrillar
network can be observed after adding seeds to the buffer solution.
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The Transcription Factor Ultrabithorax Forms Extensible, Hierarchically
Ordered Assemblies that are Readily Functionalized by Gene Fusion
Sarah E. Bondos1, Zhao Huang2, Yang Lu2, Jan Patterson1,
Kathleen S. Matthews2, Jun Lou2, Kayla Bayless1.
1Texas A&M Health Science Center, College Station, TX, USA,
2Rice University, Houston, TX, USA.
Proteins that naturally self-assemble to form materials are often challenging
to produce as recombinant proteins, and require harsh conditions to instigate
assembly in vitro, limiting their ability to be engineered for specific applica-
tions. Surprisingly, the Drosophila melanogaster Hox protein Ultrabithorax
(Ubx) readily self-assembles in vitro in mild buffers, even though this protein
does not form large aggregates as part of its native function. Ubx hierarchically
associates to form materials that are ordered on the nanoscale to macroscale.
The mechanical properties of Ubx fibers are tunable, and fibers can be con-
structed with a similar breaking stress and strain as natural elastin. Because
Ubx self-assembles within hours in a mild buffer, other proteins can be incor-
porated into Ubx materials via gene fusion without compromising the ability of
Ubx to assemble, or the functionality of the appended protein. A variety of pro-
teins have successfully been incorporated into Ubx materials, ranging in struc-
ture, size, and charge. These functions can be easily patterned within the
materials. This strategy has been used to control the behavior of cells in culture.
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An Optical Device Driven by Motor Protein
Susumu Aoyama, Masahiko Shimoike, Yuichi Hiratsuka.
Japan advanced institute of science and technology, Ishikawa, Japan.
Here, we developed a motor-protein-driven optical device. To design the de-
vice, we focused on body color change of fish. This phenomenon is caused by
melanophore cells, which contains thousands of pigment granules. In a mela-
nophore, pigments are transported by motor proteins along radially arranged
microtubules. Thus, the distribution of pigments in a melanophore (i.e. color
of a melanophore) is changed. By mimicking this molecular system, we tried
to make an artificial melanophore from minimal components: motor proteins,
microtubules and pigment granules. Nuclei of microtubule assembly were
attached to micro-fabricated dot patterns, and microtubules were grown
from them, which produced a radial array of numerous microtubules (Figure
A). When stained micro-particles with flagellar dynein were introduced, those
particles were transported along radially arranged microtubules and were
gathered by ATP addition, which resulted in changing color patterns of
each artificial melanophore (Figure B, C). Furthermore, we succeeded in
drawing desired pictures on ‘‘bio-display’’, a display that one pixel is
equivalent to one artificial melanophore, by adding ATP to particular pixels
with caged ATP.
This study has
shown that a novel
optical device can
be constructed by
arranging microtu-
bules and motor pro-
tein molecules.
